Variation in spring bud break dates and growth traits was studied among 183 half-sib families developed from Norway spruce grafts on a reconstitution seed orchard. The grafts were derived from maternal trees (ortets), which were selected on the IUFRO 1964/68 experimental plots in 11 countries. All maternal trees belong to the same provenance Kolonowskie, which should be reconstituted as a population by a seed orchard because its exact location was not documented, and thus seed of this provenance was not available. Analyses of variance of the data collected in the first six years of the experiment revealed a very high variation between families in general and between families within clones. Differences between the clones were observed in some traits (plant height after the first growing season, spring flushing in the sixth growing season), but differences between families within clones proved to be more significant. A positive correlation was found between bud break dates of grafts in the seed orchard and their generative progeny on the family experimental plot. The correlation was significant both at the family (graft) level (p = 0.01) and at the clonal level (p = 0.05). The substantial variation between open pollinated families from the reconstitution seed orchard cannot entirely be interpreted but it indicates a high selective potential of Norway spruce at the family level.
Introduction
Using the natural intraspecific variability of Picea abies, breeders constantly try to improve the quality and productivity of cultivated forest stands. For many decades, intensive breeding research has been conducted on the basis of large-scale provenance experiments, progeny-provenance experiments and clonal experiments with this species (KLEINSCHMIT and SAUER, 1976; DIETRICHSON, 1979; FOWLER, 1979; GIERTYCH and KRÓ-LIKOWSKI, 1982; GIERTYCH, 1984; KLEINSCHMIT and SWOLBA, 1991; KRUTZSCH, 1992; BAL ⁄ UT and SABOR, 1993; GIERTYCH and KRUPSKI, 1996) . On a parallel with population selection, individual selection has been developed by identifying clones characterized by desirable breeding traits and used for establishing seed orchards. However, the genetic benefits of such selection are uncertain and can be verified only after a very long time. In fact, the selection of plus trees on the basis of phenotypic traits does not guarantee that the breeding work will be successful.
The subject of this study is the provenance Kolonowskie (IUFRO No. 0293), included in the international IUFRO 1964/68 experiment initiated by Prof. OLAF LANGLET from Sweden, on numerous experimental plots in 13 countries. Norway spruce seedlings from seeds collected in various countries were raised in a forest nursery near Hamburg in Germany under the courtesy of Prof. W. LANGNER, in the same environmental conditions and were then shipped to the countries which participated in the experiment (KRUTZSCH, 1974) .
Among 1100 populations studied in that experiment, trees of the provenance Kolonowskie are characterized by very good height increments, above average in all countries. This demonstrates a great adaptive potential of that provenance in various environmental conditions (GIERTYCH, 1978) . Because of this, there was and is still an interest in the provenance Kolonowskie for reforestation. Unfortunately, seeds for the IUFRO experiment were collected in an economic stand (or stands) during felling operations, so the original population does not exist anymore. Thus, plant material collected from trees of this provenance grown on the experimental plots of the IUFRO 1964/68 experiment was used to establish a reconstitution seed orchard in the experimental forest of the Institute of Dendrology at Kórnik (GIERTYCH, 1993) .
The objective of the present study was to make a preliminary assessment of half-sib families, i.e. open-pollinated progenies of grafts from selected trees of the provenance Kolonowskie. The assessment focused on major growth traits and spring flushing, which determine resistance to late spring frost.
Materials and Methods
The reconstitution seed orchard at Kórnik has been composed of grafts developed from scions collected from 117 maternal trees (ortets) selected on 14 experimental plots in eleven countries. All maternal trees belong to the some provenance Kolonowskie. The maternal trees are referred to in the further text as "clones" because they have been propagated vegetatively before establishing the seed orchard. The seed orchard was established in a systematic design, ensuring the same neighbourhood of clones, i.e. theoretically a common pool of pollen (GIERTYCH, 1971) .
In 1993, when the reconstitution seed orchard was 12 years old, the first cones were produced by the grafts, although only some of them formed well-developed seeds. Finally, cones were collected separately from 183 grafts representing 85 clones. Each graft was harvested separately and the seed extracted from cones of that tree constituted an open-pollinated family, denoted by a unique number. By this procedure, we got up to six families of the same clone (maternal tree). These families are half-sibs and differ only by the unknown composition of the pollen cloud due to the position of the graft in the seed orchard. Number of families (column 1) derived from studied clones (column 2), and also location of provenance plots (locality and country, columns 3 and 4 respectively), from which the clones originated are presented in the Table 1 .
Seed of each family were sown in April 1994 in separate clay pots filled with a mixture of peat-based compost and gravel (1:1 v/v). The pots were placed in a greenhouse in a randomized block design. The plants were illuminated 18 hours a day, and in June and July, they were treated with nitrogen-phosphorus fertilizers. In late August, the pots with seedlings were moved outdoors and planted into the soil for winter.
In the spring of 1995, the seedlings were removed from pots, rinsed, and subjected to measurements of total fresh weight, length of the above ground part and of roots. Next, the seedlings were planted in a forest nursery. In the autumn of 1995 and 1996 , the height of all seedlings in the nursery was measured and in the spring of 1998, 825 seedlings of 133 families (progeny of 76 clones) were planted on a family experimental plot. The young trees were spaced 1.5 m x 2.0 m, and the plot was established in randomized single tree plots. Bud break dates were recorded from 18 th April till 23 rd May 1999, and in the autumn of 1999, the height and current-year increments of all the seedlings were also measured. The results of measurements and observations were subjected to analyses of variance to identify statistically significant differences between experimental factors. These analyses were multivariate, hierarchical, and non-orthogonal, and the calculations were conducted according to the model presented by GIERTYCH (1991) for nonorthogonal data ( Table 2 ). In that model, the method for estimating means of squares was based on HICK's (1973) work. In the analyses of variance, total available variability was taken into account (individual variation among seedlings as a component of variance for error). 
Results

First year of the experiment
In the first growing season, the experiment involved 2390 seedlings representing unevenly 183 open-pollination families from 85 clones. The mean height of seedlings at the end of the first growing season was 8.6 cm. A significant (p = 0.01) variance in this trait was observed between families and clones (Table 3) , also between families within clones. Plant height did not depend on location of provenance plots (countries), where the maternal trees were selected. Clonal means of plant height ranged from 3.7 cm to 11.5 cm, while family means ranged from 3.4 cm to 13.7 cm ( Table 5) .
Root length at the end of the first season varied from 9.9 cm to 24.3 cm, on average 17.9 cm ( Table 5 ). In respect of this trait, significant differences were found both between families in general and between families within clones, while differences between the clones and between countries of origin of the clones were not significant ( Table 3) .
Fresh weight of whole seedlings was independent of any experimental factors (Table 3 ) and reached on average 799 mg ( Table 5 ).
Second year of the experiment
After transplantation from pots and during growth in the nursery, some seedlings died, so after two growing seasons Table 5 ) and analysis of variance revealed significant differences (p = 0.01) between families in general and between families within clones (Tables 3). No significant differences were observed between the offspring of clones and countries of origin of the clones. Family means of plant height ranged from 4.8 cm to 18.7 cm ( Table 5 ).
Third year of the experiment
After the third growing season, the seedlings still growing in the nursery, were from 7.7 cm to 36.4 cm high, and the mean value was 21.0 cm ( Table 5) . Families in general and within clones differed significantly (p = 0.01) ( Table 4 ).
Sixth year of the experiment
Plant height after six growing seasons (including two seasons on experimental plots after transplantation from the nursery) showed great differences between families in general and between families within clones ( Table 4 ). The general mean was 78.2 cm, while family means ranged from 37.5 cm to 113.3 cm ( Table 5 ). The mean current-year height increment in 1999 was very large, amounting to 28.4 cm on average (Table  5) , i.e. it accounted for about 36 % of the total plant height at the end of that season. The increment in absolute values varied from 7.5 cm to 52.7 cm ( Table 5) . Analysis of variance showed significant differences (p = 0.01) between families in general and between families within clones ( Table 4) . Table 4 . -F-test after variance analysis and the level of significance. Characters of seedlings at age 3-and 6-years. Table 3 . 1) score in days from the first day of flushing (18 th April) Table 5 . -Mean values for studied traits and ranges of variation for families and clones of maternal trees. Bold letters indicate statistical significant differences.
See explanations for
1) score in days from the first day of flushing 2) dates in April (IV) and May (V) 1999
Spring flushing (i.e. time of initiation of bud development) varied considerably in 1999, from 18 th of April till 23 rd of May. The mean date for the whole experiment was 1 st of May ( Table  5) . Analysis of variance revealed significant differences (p = 0.01) not only between families in general and between families within clones, but also between clones (Table 4) . Family means ranged from 18 th of April till 11 th of May, while clone means from 21 st of April till 9 th of May ( Table 5) .
Results of observations of flushing initiation, conducted in the same year in the seed orchard from which the seed were collected for the present experiment, revealed significant differences between clones. Their flushing dates ranged from 25 th of April till 20 th of May. A significant (p = 0.01) positive correlation was found between flushing dates of the clones in the seed orchard and of their offspring on the experimental plot. The value of the correlation coefficient was r = 0.341 (n = 136) at the family (graft) level and r = 0.371 (n = 75) at the clonal level.
On the family experimental plot also flushing date and plant height were positively correlated: the later the flushing the higher plants. The correlation coefficients reached r = 0.381 (n = 133, p = 0.01) at the family level and r = 0.284 (n = 76, p = 0.05) at the clone level.
Discussion
The international provenance experiment IUFRO 1964 IUFRO /1968 , being the source of material for this study, included 96 Polish populations. Among them, provenance Kolonowskie is particularly noteworthy as its growth parameters exceeded average values on all 14 experimental plots in 11 countries (GIERTYCH, 1993) . This means that this population can easily adapt to various environmental conditions. We know nothing about the composition of the original population. Only its success in many areas makes it interesting. Its possible compositionary nature may be a tentative conclusion.
The 85 trees, whose grafts and offspring were used in the experiment presented here, were selected on most of the IUFRO experimental plots ( Table 1) . They grow in highly varied climatic conditions, which is evidenced by the broad ranges of geographical coordinates and altitude of the plots.
Analyses of variance of the measurements of growth traits carried out in 1994-1999 revealed substantial differences between families in general. Statistically significant differences were found also between clones, but the greatest variation was observed between families within clones. The variation is not a result of lost of scions by grafts and the rootstock developing. In spruce the ramet is clearly different from the rootstock and these two can be easily distinguished. This is probably due to variation in the pool of paternal gametes in spite of the systematic lay-out of the reconstitution seed orchard. Because of the young age of the plantation, the trees produced very small amounts of pollen and many clones did not produce pollen at all. Thus it is highly probable that alien pollen from old single trees in the vicinity clearly dominated in pollination of that orchard that year (1993) . No inbreeding rate was estimated, however the pollen cloud was expected to be more or less homogenous.
The observed significant variation in growth traits and spring flushing time indicates a considerable selective potential within the reconstituted provenance Kolonowskie at the family level. Selection for late flushing is particularly important for Norway spruce breeders and would enable them to choose appropriate genotypes and prevent losses caused by late spring frost. This is consistent with results of earlier research. For example, SABOR (1984) found that provenance Kolonowskie, similar as populations from NE Poland or the provenance Radom from central Poland, was characterized by late flushing dates on the IUFRO 1964/68 experimental plot at Krynica, Poland. The ranking of spring flushing dates of different provenances is always the same, irrespective of location of the experimental plot (GIERTYCH, 1998) . Thus the selection of late flushing phenotypes within the reconstituted provenance Kolonowskie is possible and sensible, considering the broad range of genetic variation of that trait which was revealed in this study.
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